Introduction
There are several problems relating to tropical sprue: the lack of a specific causative organism; the origin of its geographical distribution and of the low incidence reported in children; the role of acute infections in initiating it; and the interactions of the observed changes in intestinal flora, mucosal morphology, intestinal motility, and the malabsorption of fat and folate. This paper reviews the literature, and concentrates on the possible mechanisms in the aetiology and pathogenesis, in an attempt to provide some answers.
Definition
Some of the controversy surrounding tropical sprue (TS), springs from the lack of a precise definition. TS typically presents as continuing diarrhoea and steatorrhoea following an acute gastrointestinal infection, but it may start insidiously. There is malabsorption of several substances, and there may be gross weight loss. It is a common cause of malabsorption in the tropics, and is both endemic and epidemic. It usually responds well to treatment with tetracycline and folic acid'.
A widely used but broad definition was provided by Baker in 1974': 'malabsorption of two or more substances in people in the tropics when other known causes have been excluded'. This definition does not exclude subclinical tropical malabsorption; decreased absorption of xylose and glucose is very common in indigenous, seemingly healthy populations of tropical countries. The subclinical tropical malabsorption syndrome is characterized by mild changes in the jejunal mucosa, sometimes abnormal xylose absorption, and flat glucose-tolerance curves. Coliform bacteria have been found in the jejunum, but bacterial counts do not correlate with mucosal changes or xylose absorption. It increases seasonally when acute diarrhoea and gut infections are common, and often remits spontaneously when the patient leaves the tropics2. To exclude this entity, Klipstein3 added several clauses to the original definition ofTS: most patients with TS have gastrointestinal symptoms; the intestinal abnormalities in TS get worse unless treated; the intestinal malabsorption in TS is severe enough to cause nutritional deficiencies even on a good diet; most patients with TS will not recover just by moving to a temperate climate; the intestinal abnormalities in TS consistently respond to treatment with folic acid and tetracycline.
Cook' feels that there is sufficient evidence to include aetiological factors in the definition, and states that 'a definition should now include reference to small intestinal bacterial colonization'. He therefore uses the term 'post-infective tropical malabsorption' in preference to tropical sprue. This has been vehemently oppdsed by Booth4 who supports a broad definition by exclusion: 'malabsorption in defined areas of the tropics in which no bacterial, viral or parasitic infection can be detected', which may be latent for long periods and may only become apparent as folic acid or B12 deficiency. It is possible that there are two separate but poorly differentiated conditions: post-infective malabsorption, and chronic tropical sprue2. The evidence for the role of infection will be examined later.
Pathology
The pathological changes in TS have been well described"3. In the early stages there is malabsorption of xylose, glucose, fat, B12 and folate, so both the jejunum and the ileum are presumably affected. After about four months, the intestinal mucosa shows partial villous atrophy. The morphological changes are nonspecific and do not correlate well with the severity of the malabsorption. Enzymic analysis of jejunal biopsy homogenates shows a selective decrease in brush border enzymes with little other change in the enterocyte structure. Ultrastructure studies also indicate injury to the brush border2. There is usually a fall in the serum B12 and folate. There is a hypoproteinaemia, thought to be due to a combination of decreased protein intake, decreased protein absorption, decreased albumin synthesis in the liver, and a protein-losing enteropathy'. Gastric acid secretion is often decreased in the long term, and if mucosal changes are severe a secondary hypolactasia may result. TS is occasionally fatal in the very young or very old, even with treatment, the patients dying in a grossly emaciated state. Post-mortem studies' show that the intestinal villi are shortened and thickened. The mucosa is thin, and there is a predominance of plasma cells, histiocytes, lymphocytes and eosinophils in the lamina propria. The mitotic index of the crypt epithelial cells is increased, there is an increase in the number of goblet cells, and ATPase can be demonstrated in the surface epithelium. Lipoid vacuoles are present in the thickened basement membrane separating the surface epithelium from the lamina propria. Biopsy studies show that these disappear on treatment with folic acid and tetracycline, but they are not pathognomonic of TS3. Ceroid (a lipofuscin pigment) may be present in the smooth muscle of the gastrointestinal tract and elsewhere in patients with significant malabsorption. However, it is also found in many people in northern Thailand in the absence ofsignificant malabsorption, so its relevance is not clear. One suggestion is that it is caused by vitamin E deficiency, and a high intake of unsaturated fat.
Organisms
Cook' states that 'there can now be no reasonable doubt that the major precipitating factor in TS is a severe, usually acute, gastrointestinal infection'. The evidence for this is the occurrence of epidemics and of household epidemics ('sprue houses'); the colonization ofthe small intestine by coliforms found in patients with TS; and the fact that TS usually occurs after an initial episode of acute diarrhoea. The theory is also supported by the response of patients to antibiotic treatment3.
The normal flora of the jejunum consists mainly of gram-positive streptococci and lactobacilli. In 68 samples of small intestinal contents from 18 healthy volunteers, streptococci, lactobacilli, staphylococci and fungi were found in increasing numbers distally. On the far side of the ileocaecal valve, bacteroides, anaerobic lactobacilli, and coliforms predominated. In the distal ileum there was a variable flora due to backwash contamination from the colon5.
Transient infection with E. coli is a common cause of acute diarrhoea in the tropics6. Studies in patients with TS in North India, Puerto Rico and Haiti, and Europeans travelling in India, have shown coliforms in the jejunum. In the Europeans the organisms were Alcaligenes faecalis, Enterobacter aerogenes and hafnia species7. In patients from the West Indies and India they were usually strains of Klebsiella pneumoniae, E. coli and Entero-'bacter cloacae3'6, which are not found in most healthy people in the West Indies and North India. In South India, the picture is less clear. In one study8 in Vellore, coliforms were demonstrated in 29 out of 33 patients with TS, but they occurred similarly in the asymptomatic controls. No relationship was found between the presence of coliforms and the absorption of xylose, the appearance of the mucosa, or the results of treatment. The only difference in organisms between patients and controls was that the patients had significantly more enterobacteria and veillonellae in their stools. In South Africa, similarly, a study of jejunal aspirates from 10 patients with TS and 11 controls showed no significant differences in the number of subjects with coliforms or in the coliform counts between the two groups9.
A report from East Africa'0 suggests an association with Giardia lamblia. However, since giardia infections are an important differential diagnosis from TS, and are common and so are likely to be found incidentally, this association is unlikely to be important aetiologically.
It has been suggested that an initial virus infection allows colonization by coliforms. Viral particles resembling orthomyxoand coronaviruses have been demonstrated in the faeces of 90% of the adults and children in a study in South India", which may be related to the widespread intestinal morphological abnormalities and malabsorption found in this area in the symptom-free population. A high incidence of TS has been found in hippies in Asia, who also have a high incidence of viral hepatitis, suggesting that a viral cause of TS could also be spread by contaminated syringes'. Studies in animals have shown that colonization of the small intestine by enterobacteria causes changes in mucosal structure, the finger-shaped villi of germ-free animals giving way to a ridged villous formation'. High concentrations of bacteria in the mucosa in patients with TS correlate with similar histological abnormalities (P<0.001 in one study7).
The coliforms that have been found in TS are aerobes or facultative anaerobes'. The toxins they produce cause increased fluid secretion when instilled into ligated rabbit ileal loops, the composition of the fluid being identical to that produced by enterotoxins from Vibrio cholerae or enterotoxigenic E. coli'2. Similar increased fluid secretion is found when the toxins are perfused in vivo into rat jejunum"3. Klebsiella pneumoniae toxin, when perfused into rat small intestine, has been shown to decrease xylose absorption, and when the toxin is left for 18 hours in a ligated jejunal loop, fluid secretion is accompanied by shortening and blunting of the villi'4. Toxins from strains of Klebsiella pneumoniae and Enterobacter cloacae isolated from Puerto Rican patients with TS, caused the same structural changes in rabbit ileal loops'5. Unfortunately, there is no animal model of TS on which to test Koch's postulates3. No single infecting organism has been consistently identified'.
Small intestinal motility
The normal pattern of small intestinal motility is of migrating motor complexes in the fasting state. Within two minutes of eating, these are disrupted and replaced by random, segmenting activity, during which the movement ofluminal contents through the gut is much slower. Both animal studies and in vivo studies in man suggest that cholecystokinin may be responsible for the disruption of the migrating motor complexes'6.
The presence of bacteria in the gut is known to affect its motility. Using yttrium-91, the rate of propulsion of gastrointestinal contents was found to be much more rapid in conventional than in germ-free mice, demonstrating that, directly or indirectly, the normal flora aid transit'7.
Abnormal flora also affect transit rates. In blindloop rats in abnormal bacterial flora appear to be causally related to increased spiking activityboth greater random actiQn potential activity, and higher frequencies ofmigrating action potential complexes. Qualitative changes in the flora correlated with changes in the form of the myoelectric activity: a shift from more organized to less organized action potentials correlated with a relative decrease in E. coli concentrations compared with bacteroides'8. Experiments on rabbit ileal loops'9 showed that altered myoelectric activity causing increased motility was produced by V. cholerae and toxigenic E. coli (heat-labile toxin), and this was thought to require attachment ofthe bacteria to the surface epithelium. In ligated segments of distal ileum in rabbits20 migrating action potential complexes causing lumenemptying contractions of the bowel were induced by V. cholerae, toxigenic E. coli, the heat-labile toxin of E. coli, Salmonella typhimurium and crude culture filtrates of Clostridium difficile. Repetitive bursts of action potentials, which were less propulsive, were associated with Shigella dysenteriae, Cl. perfringens Type A, Cl. difficile, and invasive E. coli. It was suggested that this action was via stimulation of cholecystokinin production.
Barium studies in 16 patients with TS indicated an increased speed of transit7, which would be expected from the bacterial overgrowth. However, as unabsorbed barium may accelerate small bowel transit21, and Cook22, using breath hydrogen techniques, found a prolongation of the transit time in TS patients. He compared 23 North European patients with TS, 56 controls (from England, Asia and Africa) with no gastrointestinal disease, and 19 North European patients with chronic diarrhoea without malabsorption. After an overnight fast, all patients were given lactulose in a syrup, and serial measurements of breath hydrogen concentration were taken for up to five hours afterwards. The mean time at which breath hydrogen appeared was significantly greater in patients with TS than in controls (English and mixed nationality), and significantly greater in patients with severe TS than in those with mild TS or those with chronic diarrhoea. In the 3 patients with severe TS who were followed after treatment with folic acid and tetracycline, the transit time decreased. The prolonged mouth-caecum transit times were not dependent on any changes in gastric emptying, and the increase in blood glucose after oral carbohydrate was not delayed in the patients with TS, so the results indicate decreased small intestinal motility in these patients.
Given that there is probably relative stasis in TS, it is necessary to find a mechanism for it. The possible roles of fats and gut hormones in causing the stasis will be considered later.
If there is stasis it is likely to be important in the aetiology of the colonization. Abnormal proliferation of organisms in the ileum is due either to a failure to clear organisms from the upper tract, or to continuous seeding with colonic organisms (for example, by reflux or through a fistula). Motility of the gut is probably the most important factor determining the normal distribution of organisms23. It is well known that the stasis found in a blind loop leads to an overgrowth of organisms23. H6wever, the organisms which grow in these conditions are different from those found in TS3'4; they are anaerobic bacteria, producing bile salt deconjugation and dehydroxylation, and causing only minimal mucosal abnormalities. They are not toxigenic24.
Numerous other mechanisms for bacterial overgrowth have been proposed: changes in immunoglobulins, bile salts, gastric acid or mucus; pH changes (luminal and/or mucosal); changes in the oxidation-reduction potential; metabolic interactions between various constituents of the microflora; mucosal factors that allow attachment of bacteria to the mucosa; and changes in lysozyme content23. Some of these may be relevant in TS.
The immunological changes in TS have been studied in South India25. Measurements were made on biopsy and serum specimens from 85 patients with TS, 150 controls with gastrointestinal diseases without malabsorption, and 57 normal, asymptomatic controls. In TS there was a significant increase in the intraepithelial lymphocyte count in the jejunal surface and crypt epithelia, and this was related to the severity of the mucosal morphological abnormalities. Other features, for example, the increased levels of serum IgG, IgE, C4, and gastric parietal cell antibodies, the lymphopenia, and the low peripheral blood T-cell count, did not differ significantly from the gastrointestinal disease controls, though they did from the healthy controls. It was concluded that the ability to produce functional antibodies was preserved in TS, and that the small intestinal enterocyte abnormalities were not the result of primary immunological processes, but were secondary to mucosal damage; the lost integrity of the mucosal barrier leads to a greater exposure to the antigens present in the gut lumen.
Bile salts are not altered in TS, and other changes which might affect colonization, such as decreased gastric acid secretion, are not consistently found. Decreased gastric acid secretion, when it occurs in TS, does not necessarily occur in the early stages2. Cannabis smoking, which is common in Asia, decreases gastric acidity, so may be important in some cases'. Although gross changes in acidity are not consistently found, changes may be present in the mucosal acid microclimate. This point will be considered later. Other mucosal changes are likely to be important in TS, as mucosal damage is found on biopsy and at post-mortem'. Higher concentrations of enterobacteria are found in relation to the enterocytes than in the luminal fluid in patients with TS7. Many bacteria have been shown to possess adhesive properties, mediated by a transmissible plasmid26, allowing them to adhere to enterocytes, and an already damaged mucosa may offer less resistance to bacteria.
Fats and folate
It has long been suggested that dietary fats might have a role in the aetiology of TS. In a collaborative study including European patients who had acquired TS in South-East Asia, patients in London with chronic TS, and Indians with TS in South India, it became apparent that, although in many patients the onset of TS appeared to be related to an acute intestinal infection, in others it was precipitated by a change from pack rations to a full, rather fatty diet6. The peak incidence of TS in Puerto Rico occurs at the time of year when the dietary intake of pork is markedly increased6, and pork fat has a particularly high proportion of long chain unsaturated fatty acids.
Patients with TS have steatorrhoea'. This is not the result of bile salt deconjugation, as no bilesplitting organisms are present4. TS patients in Puerto Rico, however, have been found to have low jejunal concentrations of bile salts24. (Even in the blind loop syndrome bile salt deconjugation is not the only mechanism for steatorrhoea; after antibiotic treatment which decreases the flora, fat absorption improves only slightly23.) Steatorrhoea has been shown to be related to the severity of the mucosal damage in TS patients in South India24, and is presumably caused by the consequent malabsorption of dietary fats. The presence of fat in the small intestine is thought to prolong gut transit time. This is thought to be mediated by gut hormones, but which hormones are involved is unclear. Enteroglucagon and neurotensin have both been implicated27'28, though their involvement has not been consistently shown. In rats, neurotensin has also been shown to increase the translocation of labelled oleic acid from the gut lumen into the lymph29.
Intubation techniques in human subjects have shown that ileal fat infusion causes a decrease in motor activity, and corresponding increase in transit time in the jejunum, associated with a rise in neurotensin and a slower rise in enteroglucagon30.
In an experiment on 8 normal volunteers paired with controls31, ileal infusion of fat significantly delayed small bowel transit time measured by the breath hydrogen technique (P<0.001). Infusion of fat into the jejunum or colon had no effect, and no association was found with any significant alterations in plasma neurotensin or enteroglucagon levels. A similar experiment, also in human sub-jects32, gave the same results for fat infusion into the ileum, but in these subjects, when intralipid was infused into the jejunum, plasma levels of enteroglucagon and neurotensin rose, without any change in transit times. In further experiments on 5 volun-teers32, infusion of intralipid into the ileum delayed transit of a labelled solid test meal, through both the stomach and the small intestine.
Measurements of gut hormones and transit times were made in 8 patients with TS and 12 controls, before and after a test breakfast27. The TS patients had greatly increased basal plasma levels of motilin and enteroglucagon, and their postprandial release of gastric inhibitory polypeptide and insulin was significantly reduced. There were no other differences in hormone levels from the controls. The patients with the highest enteroglucagon concentrations had the longest time to breath hydrogen appearance. Motilin in normal physiological concentrations increases gastric emptying27 -bile in the proximal small bowel is a signal for its release from peptideproducing cells in the gut mucosa33 -and serum motilin levels show some association with motor patterns in the small intestine, as recorded by intraluminal pressures34. In higher concentrations motilin may impair gastric emptying, and these concentrations are of the same order of magnitude as those found in the TS patients27. The levels of both enteroglucagon and motilin returned towards normal on recovery from the TS35.
Unabsorbed fat in the gut lumen may have other effects. In vitro studies have shown that unsaturated fatty acids inhibit the Na, K-ATPase and Mg-ATPase isolated from the baso-lateral membranes of rat enterocytes and colonocytes, and, in vivo, inhibition of Na, K-ATPase with ouabain causes a significant fall in water and electrolyte absorption in the small intestine36. In man, jejunal perfusion of fatty acids decreases the absorption of water and a variety of organic solutes37.
Mucosal ATPases (probably Mg-ATPase) are thought to have a role in maintaining the mucosal acid microclimate38. Surface electrodes have given direct evidence that an acid microclimate exists, and less acidic microclimates have been demonstrated in 381 patients with coeliac disease and Crohn's disease .
The surface ATPase is inactive below pH 5, but is capable of recovering its activity even after 30 minutes at pH 4, so is suited to regulating the production of H+ ions at the cell surface. Changes in surface acidity, which would result from the addition of fatty acids through their action on the ATPase, might accountinstead of, or as well as, changes in motilityfor the observed interaction between fat levels and bacterial concentrations; for example, the luminal concentration of Klebsiella pneumoniae is found to increase after linoleic acid is added35. (In TS similar bacteria are found in mucosal and luminal aspirates; the luminal bacteria may be the result of exfoliation of bacteria from the mucosa in association with the shedding of epithelial cells7.) Another possible mechanism is that unsaturated fatty acids, principally linoleic acid, inhibit the growth of the normal gram-positive flora, allowing the growth of coliforms3.
Changes in surface acidity are likely to be of prime importance in folate absorption. Folate transport in the small intestine is by passive diffusion which requires an acidic environment (pH < 4.5); the folate is then in the unionized form and so is not repulsed by the negatively charged phospholipid membrane'2. Intraluminal fatty acids have been shown to decrease the absorption of folate from the human jejunum37, and low serum folate levels are one of the important findings in TS.
Evidence that failure of transport of folate occurs in TS comes from a Puerto Rican study39. The intestinal mucosa is a source of folate conjugase which cleaves folate, and in vivo studies have shown that this occurs during or soon after intestinal absorption. Experiments using labelled simple and conjugated folate in patients with TS showed malabsorption of both forms, implying that the malabsorption is due to impaired transport of simple folate rather than impaired mucosal hydrolysis.
Subclinical folate deficiency is very common in many parts of the tropics1. It is largely dietary in origin, and is exacerbated in pregnancy and the puerperium. In systemic bacterial infections, low serum folate levels are partly dietary (the intake is lower than usual due to decreased appetite), partly due to increased granulocyte turnover and so increased utilization, partly due to malabsorption of folate40, and, possibly, partly due to a direct effect on folate metabolism1. Any or all of these mechanisms may be important in TS.
Experimental folate deficiency in animals causes a 40% drop in the number of gut epithelial cells, as assessed by DNA concentrations, and primary nutritional folate deficiency causes villous atrophy24. The folate deficiency in infants fed on goat's milk and in alcoholic adults (and ethanol is a major fermentation product of the coliforms in patients with TS7'2), causes structural alterations in the small intestine, including villous blunting, crypt hypertrophy, megaloblastic epithelial cells and nuclear enlargement41. These are similar to the changes seen in B12 deficiency and in TS, and to those induced by dietary folate deficiency in rats41. In TS, full development of the mucosal lesions coincides with the onset of tissue folate deficiency6.
In experimental folate deficiency there is decreased absorption of water and electrolytes, but absorption of carbohydrate may be maintained42. Enterocytes acquire digestive enzymes as they migrate up the villus. In folate deficiency in rats, slower migration (assessed by autoradiography) is found; each epithelial cell is therefore on the villus longer, allowing it to acquire a greater quantity of enzymes such as disaccharidases. Not all mucosal enzymes appear to behave in this waythe total mucosal Na, K-ATPase level is lower than normal in folate deficiency.
In human subjects, however, carbohydrate malabsorption may occur'. Possibly the blunted villi found in patients with folate deficiency would allow the enterocytes to reach the tips sooner, so decreasing the quantity of disaccharidases acquired. The carbohydrate malabsorption is thought to be a consequence of the lack of folate rather than of the following megaloblastic anaemia, as it may occur in the absence of anaemia'. In one study, the activities of the brush border disaccharidases were low in Journal ofthe Royal Society ofMedicine Volume 79 October 1986 603 untreated patients, and increased significantly after treatment39.
Treatment of TS with folic acid leads to a satisfactory clinical and haematological response, with a decrease in nuclear abnormalities in the intestinal mucosal cells and an increase in the villous cell population. However, the malabsorption continues and the jejunal mucosa does not return to normal unless an antibiotic such as tetracycline is also given.
Water, electrolytes and B12 Malabsorption of water and electrolytes by the small intestine is not thought to be sufficient to explain the diarrhoea of TS36. In one study in South India, using perfusion techniques on 11 patients with chronic TS and 10 controls, no differences in the handling of water and electrolytes in the upper jejunum were found, both groups showing mean net absorption'3. In acute TS, malabsorption is more likely; all the acute TS patients in a Puerto Rican study and half of those in a study in Bengal were in a net secretory state for water, sodium and chloride, and this improved towards net absorption after antibiotic treatment24. Because of the reserve colonic capacity to absorb salt and water, even when the small intestinal absorption is defective, it is insufficient alone, at least in South Indian studies, to cause diarrhoea". Colonic absorption was measured in 10 South Indian patients with chronic TS and 10 controls, using total colonic perfusion with normal saline containing a non-absorbable marker. The mean net water, sodium and chloride absorptions were significantly lower in the patients that the controls'. There may be racial or geographical differences in absorption, possibly caused by difterences in the normal gut flora. In normal English subjects, amino acids and dipeptides stimulate sodium and water absorption, though in certain pathological situations, such as cholera or coliform infections, or in coeliac disease, this interaction is impaired and net secretion occurs. In contrast, in apparently normal Indian subjects as well as in patients with TS, no stimulation of sodium and water absorption by amino acids and dipeptides is found'3.
The decreased colonic absorption in TS might result from increased fatty acids in the lumenit has already been mentioned that colonocytes react in the same way as enterocytes to unsaturated fatty acids, at least in vitro36. Enterotoxin production by colonic bacteria might also be important35. The acute infections which appear to precipitate TS often involve the colon as well, and infective damage to the colon, decreasing its absorptive capacity, is anyway common in the Third World35.
As well as malabsorption of fluid, electrolytes, fat and folate, malabsorption of amino acids and B12 is known to occur in TS24. The decreased serum levels of B12 are not thought to be due to B12 binding by the bacteria (as occurs in the blind-loop syndrome), or to damage to the intrinsic-factor/B12 complex, but rather to the damage to the ileal mucosal cell receptors, since the intraluminal fate of B12 is the same in TS patients as in controls'5. Contradictory evidence, however, comes from a study in which the two isotopes 57Co and 58Co were given to TS patients, one before and one after a 48-hour course of tetracycline: the speed and degree of improvement in absorption found after the antibiotic indicate a bacterial mechanism rather than a change in ileal morphology24. In chronic cases, intrinsic factor secretion by the stomach is decreased2.
Geographical distribution
Reference has already been made to some of the differences found in TS in different areasfor example, the different organisms that are present. Other differences include the lower folate levels found in Europeans than in Indians, and the less favourable response of Indians to antibiotics6. Why TS occurs in some areas and not in others is poorly understood. TS is endemic in Puerto Rico, Cuba, the Dominican Republic and Haiti, but not in Jamaica or the other West Indies. It is found in Central America, Venezuela and Colombia, is common in the Indian subcontinent, and is widely found in the Far East, though there is little information from China3. It is uncommon in Africa, being sufficiently rare for individual case reports to be published, and florid presentations are very unusual1. It may occur in the Middle Eastcases of protracted malabsorption of unknown aetiology have been reportedand there are reports of 'temperate sprue' in England: patients with diarrhoea, weight loss, small intestinal abnormalities, folate deficiency and megaloblastic anaemia, who responded to folic acid3.
Many Europeans and Asians live in tropical Africa for long periods, and studies in Lagos and Durban indicate that the low incidence in Africa is not due to ethnic factors1. Some ethnic differences, however, have been reported: in the 1968 and 1969 epidemics in the Philippines, the attack rate was much lower in the local Filipinos than in the American service men stationed there"6. This may have been the result of dietary differences. In the Second World War, troops in India and Burma were affected by TS when in rigorous jungle conditions, especially when living on canned rations with no fresh food; and in a prisoner-of-war camp in the Himalayan foothills, many prisoners contracted TS, whereas the camp workers and volunteer workers on British Army rations did not6. Epidemiological studies show a correlation between the amount of long-chain unsaturated fatty acids in the diet and the occurence of TS in both expatriates and native populations3. The staple diet in much of Africa contains large amounts of folate, which might be protective, but serum concentrations of folate tend to be low in the healthy population of Nigeria and Zambia, where the incidence of TS is low'. TS is much less common among travellers on short visits; although it can develop within days of arrival in an endemic area, it usually occurs in expatriates only after one year in the tropics. This may be due to seasonal incidence, lapsing sanitary precautions, or the greater tendency of short-term visitors to treat bouts ofdiarrhoea with antibiotics3.
Tomkins2' has reported that, whereas acute TS typically occurs among expatriates visiting endemic areas, chronic TS is more common in the indigenous population. This might be the result of inadequate treatment of the native population, or of a failure by Tomkins to make an absolute distinction between TS and subclinical malabsorption.
Cook' concludes that the predisposing factor is probably the high incidence of acute diarrhoeal diseases in the local environment; these are much less common in many parts of Africa than in those parts of Asia where TS is a major problem.
TS in children
Until recently, TS was assumed to be rare in children47. This is probably the result of underdiagnosis"8, but it is nevertheless thought to be less common in children than in adults, and in epidemics the children tend to be affected later45.
In an epidemic in South India in 1960-62, 100 000 cases of TS were reported, with the incidence ranging from 1% to 40% of the population in the surveyed villages. The attack rate was generally higher in adults than in children, though multiple cases were frequently found in the same household, with evidence of propagation within families and with seasonal peaks in the incidence of new cases46.
In one village studied in 196049, 58 children were affected; they were of all ages and of both sexes equally. The attack rate in children under twelve was 25%, and in adults 45% (a difference significant at the 0.5% level). In a Puerto Rican study, TS was found in children aged from 7 months to 14 years50. Epidemic TS in the Philippines has been found to affect all ages equally, though the patients who recover quickly tend to be slightly younger'6. In general, the TS that is found in children resembles the TS of adults from the same area, and there is no difference between endemic and epidemic cases46"49.
Why the incidence in children is lower is unknown. Breastfed infants are probably protected by the milk. Lactoferrin has a bacteriostatic effect on E. coli5' (unless it is saturated by iron, and it is normally less than 5% saturated52). It is active alone, or can act synergistically with antibodies. Maternal IgA alone may also be important5". The fat content of the milk depends on the mother's diet51, and is therefore unlikely to account for a different incidence between mother and baby. Breast milk contains much lactose, and despite high levels oflactase in the newborn gut52, there is more than can be absorbed in the upper gastrointestinal tract. Bacterial fermentation of lactose in the colon gives an acidic environment, encouraging the growth of lactobacilli and other non-pathogenic commensals"1. The colonic flora may not be important in the aetiology of bacterial overgrowth in TS, however, as bacterial overgrowth in the upper small intestine is more likely to result from a failure to clear ingested organisms. Breastfed infants have a lower incidence of diarrhoeal disease than those that are bottlefed53`so the presumed precipitating factor for TS is less frequent. Perhaps if breastfed infants were excluded from studies on the incidence of TS, the lower rates found in children would be less marked.
The small intestine in children is not very different from that in adults, though the evidence is incomplete; for ethical reasons there are few studies which include healthy children. The flora found are similar to those in adults in the same areaspredominantly gram-positive flora in the West, and more coliforms in Asia5' -but counts are difficult as tubes left in the gut for longer periods produce higher counts, particularly of E. coli'8. The small intestinal morphology in apparently healthy children in the tropics is different from that of children in the West, but is like that of adults from the same areas. In India, post-mortem studies have shown that the villi are in the leaf form even in the neonatal period, and the abnormalities increase with age. In Uganda, leaf and ridged villi formations are found within a few days of birth'8. There are some immunological differences between children and adults -IgA is only produced by the infant several weeks after birth, and Peyer's patches continue to increase in size and number up to the age of ten52 -but immunological mechanisms do not seem to be particularly important in TS25.
The small intestine in the child does, however, differ from that in the adult in motility, and Cook35 suggests that this could be the cause of the difference in incidence. Comparing the results ofmeasurements of migrating motor complexes (MMC) in 18 healthy adults55 and in 9 children (aged 8 months to 7 years) who had gastrointestinal symptoms but no organic pathology56, the major difference is an almost four-fold increase in the propagation velocity of the MMC. Even considering the interand intraindividual differences found to exist in MMC propa-gation57, the difference is marked, and might provide greater resistance to bacterial overgrowth in children.
Conclusion
From the findings discussed above, it is possible to construct a hypothesis of the aetiology and pathogenesis ofTS. My conclusions differ in some respects from those in Cook's recent review article in the Lancet35, both in emphasis and complexity. In his description, Cook ignores those cases which do not start with acute diarrhoea, and he therefore regards an acute intestinal infection as the initiating factor (Figure 1 ). This infection, allows the invasion of other pathogenic organisms which colonize the intestine and damage the mucosa, liberating enteroglucagon. He regards the enteroglucagon as the cause of small intestinal stasis, which encourages further bacterial colonization. The enterocyte damage decreases folate absorption, and low folate levels, in turn, worsen the damage.
The problems with this scheme are the contradictory evidence which surrounds enteroglucagon and the lack of any other mechanism for stasis. If mucosal damage, and hence enteroglucagon release, by pathogenic bacteria is sufficient to cause small intestinal stasis, then stasis might be expected In the following paragraphs additional mechanisms are suggested for intestinal stasis, for the decreased folate absorption and for bacterial overgrowth, taking into account another possible initiating factor to explain those cases in which no acute diarrhoeal phase is seen. These suggestions are summarized in Figure 2 .
Epidemiological evidence links TS with a high intake offat3'6 and patients with TS have steatorrhoea' . Lipoid vacuoles are found in the basement membrane of the mucosal epithelium in TS patients, and ceroid may be present in the gastrointestinal and other smooth muscle' . Unabsorbed fat in the small intestine has been found to prolong transit time30'31 (possibly via gut hormones27'32), to inhibit mucosal Na,K-ATPase and Mg-ATPase38, and to inhibit the normal gram-positive intestinal flora3.
Decreased gut motility is known to lead to bacterial overgrowth23, and colonization of the small intestine by coliforms is found in TS1'3'6'7.
Enterotoxins from these organisms cause mucosal damage, including blunting and shortening of the villi, such as that found in TS"4,"5.
TS typically follows an acute gastrointestinal infection1; no specific causative organism has been identified, but epidemics of TS occur1 3'46. Acute infections may cause the initial damage to the mucosa, facilitating the attachment of other organisms23'26.
The inhibition of the mucosal ATPase by unabsorbed fat leads to a rise in the pH of the mucosal microclimate, which decreases the absorption of folate38. This causes morphological changes in the mucosa of the type found in TS24.41.
Mucosal damage leads to malabsorption1 35 . The damage forms part of a vicious circle by decreasing the mucosal resistance to bacterial adhesion23 and possibly by causing gut hormone release, which further decreases the intestinal motility35. The consequent malabsorption worsens the situation by further decreasing the fat and folate absorption. These mechanisms account for the experimental findings and the response of patients to treatment with tetracycline and folic acid.
If it is accepted that this is how TS can occur, and presuming that the initiating factor, at least in most cases, is an acute gastrointestinal infection, the next question is why should this infection lead to TS in some people and not in others? For the typical pattern that is found in epidemic TS is that widespread cases of acute diarrhoeal disorders occur, of which only a minority proceed to chronic malabsorption 3S, 46 The complexity of the mechanisms and interactions may provide part of the answer: at any stage slight individual variations may tip the balance and make the subject more vulnerable. One area in which there is evidence of variation is bacterial binding. Animal experiments have shown specific bacterial receptors in the intestinal mucosa. Strains of E. coli that are enteropathogenic to newborn pigs carry the K-88 surface antigen (coded for by a transmissible plasmid). Two pig phenotypes have been identified, one that allows, and one that does not allow K-88 positive bacteria to adhere to the brush border of the enterocyte. The phenotypes are determined by simple Mendelian inheritance26. Some human enteropathogenic strains of E. coli can adhere to human fetal intestine, and several strains of V. cholerae, E. coli and S. typhimurium show positive chemotaxis to rabbit intestinal mucosa. Negative chemotaxis and interactions between bacteria may also be important. V. cholerae binding is known to be influenced by the indigenous microflora and the inhibitory effects of local antibodies26. The differences in genetic factors might also contribute to the geographical variations.
The obvious alternative to the solution just proposed is that TS is initiated specifically by an as yet unidentified agent. There is no evidence for this. References 1 Cook GC. Tropical gastroenterology. Oxford: Oxford University Press, 1980
